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(54) Title: LASER DRILLED NOZZLE IN A TIP OF A FUEL INJECTOR 
(57) Abstract 

A fuel injector housing (34) having a main body portion (36) and a tip portion 
(38) is disclosed. The nozzle (44) defined in the tip portion (38) has a passageway 
(46) extending therethrough which is in fluid communication with the chamber (42). 
The nozzle (44) is prepared by a process including the step of focusing a laser beam 
(17D), so that its focal point (30) is located substantially on an outer surface (31) 
of the tip portion (38) for a first period of time sufficient to create the passageway 
(46) and a waste product (50) is deposited at a periphery of the passageway (46). 
The process further includes the step of creating a first prepassageway (60) which 
extends through the tip portion (38) of the housing (34), defining a first substantially 
cylindrically-shaped channel having a first diameter. Then a second prepassageway 
(62) is created which extends through the tip portion (38) of the housing (34), defining 
a second substantially cylindrically-shaped channel having a second diameter which 
is greater than the first diameter. The process yet further includes the step of 
refocusing the laser beam (17D) so that its focal point (30) is located above the 
outer surface (31) for a second period of time sufficient to disintegrate the waste 
product (50). 
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Description 

LASER DRILLED NOZZLE IN A TIP OF A FUEL INJECTOR 

5 Technical Field of the Invention 

The present invention relates generally to a 
nozzle in a tip of a fuel injector, and more 
specifically to a laser drilled nozzle in a tip of a 
fuel injector. 

10 

Background of the Invention 

A fuel injector is used to inject fuel into a 
combustion chamber of a diesel engine. A tip of the 
fuel injector has a number of small nozzles defined 

15 therein. Pressurized fuel is advanced from the fuel 
injector, through the nozzles and into the combustion 
chamber of the diesel engine. These nozzles must be 
formed so that a precise amount of fuel is advanced 
through the fuel injector tip into the combustion 

20 chamber. This precise metering allows the fuel to be 
evenly distributed in the combustion chamber. 

Wire electric discharge machining (WE DM) has 
been used to form nozzles in the tip of the fuel 
injector. WE DM directs an electrical charge through 

25 the material in the tip of the fuel injector to form a 
hole in the tip of the fuel injector. WE DM produces 
small straight holes which are ideal for use as 
nozzles. However, a drawback of using WE DM is that 
WEDM can only form nozzles with a diameter greater than 

30 approximately 150 microns. In addition, the WEDM 

process takes a relatively long time to form a nozzle 
in the tip of the fuel injector. 

Electronic engine controls rapidly adjust the 
amount of fuel injected into the combustion chamber via 
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the fuel injector. In order to increase the speed that 
the fuel as it is injected into the combustion chamber, 
the pressure of the fuel must be increased. To 
increase the pressure of the fuel, the diameter of the 
5 nozzle must correspondingly be decreased. The fuel 
pressures currently being used require nozzles with 
diameters smaller than the minimum diameter that can be 
produced using WE DM. 

Laser drilling can produce a nozzle with a 
10 smaller diameter than nozzles produces with WE DM. The 
beam of a laser can be focused on a precise area of the 
tip of the fuel injector to produce very small holes, 
on the order of twenty microns in diameter. In fact, 
the focused laser beam can produce a hole with a 
15 diameter much smaller than the diameter required for 
the nozzle in the tip of the fuel injector. 

A process known as trepanning, or circular 
interpolation drilling, can be used to produce a hole 
with a diameter larger than the diameter of the focused 
20 laser beam. In the trepanning process, the laser beam 
is moved along the perimeter of a circle or other 
shape. Moving the laser beam around the perimeter of 
the circle forms a nozzle with the diameter equal to 
the diameter of the circle. The trepanning process 
25 allows a nozzle with a diameter of approximately one 
hundred and fifty microns to be formed with a focused 
laser beam that produces holes with a diameter of 
approximately twenty microns. 

However, a drawback to using the trepanning 
30 process is that a waste product, known as slag or 
dross, is deposited around an outer surface of the 
nozzle as the nozzle is formed. As the laser beam cuts 
through the material in the tip of the fuel injector, 
the waste product, consisting of molten metal and other 



WO 00/09884 



PCT7US99/16313 



-3- 

impurities, is deposited around the periphery of the 
nozzle. During operation of the diesel engine, the 
deposited waste product disturbs the flow of fuel being 
advanced through the nozzle into the combustion 
5 chamber. Disturbance of the flow of fuel causes an 
uneven distribution of the fuel in the combustion 
chamber which can degrade performance of the diesel 
engine. 

What is needed therefore is an apparatus and 
10 method for laser drilling a nozzle in the tip of a fuel 
injector which overcomes one or more of the above- 
mentioned drawbacks. 

Disclosure of the Invention 

15 In accordance with a first embodiment of the 

present invention, there is provided a fuel injector 
housing. The fuel injector housing includes a main 
body portion having a chamber defined therein in which 
fuel injector components may be positioned. The fuel 

20 injector housing further includes a tip portion having 
a nozzle defined therein. The nozzle has a passageway 
extending therethrough which is in fluid communication 
with the chamber. The nozzle is prepared by a process 
including the step of focusing a laser beam so that its 

25 focal point is located substantially on an outer 

surface of the tip portion for a first period of time 
sufficient to create the passageway whereby the nozzle 
is formed and a waste product is deposited at a 
periphery of the passageway. The process further 

30 includes the step of refocusing the laser beam so that 
its focal point is located above the outer surface for 
a second period of time sufficient to disintegrate the 
waste product. 
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In accordance with a second embodiment of the 
present invention, there is provided a fuel injector 
housing. The fuel injector housing includes a main 
body portion having a chamber defined therein in which 
5 fuel injector components may be positioned. The fuel 
injector housing further includes a tip portion having 
a nozzle defined therein. The nozzle has a passageway 
extending therethrough which is in fluid communication 
with the chamber. The nozzle is prepared by a process 

10 including the step of focusing a laser beam so that its 
focal point is located substantially on an outer 
surface of the tip portion for a first period of time 
sufficient to create the passageway whereby the nozzle 
is formed and a waste product is deposited at a 

15 periphery of the passageway. The process further 
includes the step of moving the laser beam in a 
rotating path of movement so as to create the 
passageway in the tip portion. The process still 
further includes the step of refocusing the laser beam 

20 so that its focal point is located above the outer 
surface for a second period of time sufficient to 
disintegrate the waste product. The process yet 
further includes the step of moving the laser beam in a 
rotating path of movement so as to disintegrate the 

25 waste product around the entire periphery of the 
passageway. 

In accordance with a third embodiment of the 
present invention, there is provided a fuel injector 
housing. The fuel injector housing includes a main 
30 body portion having a chamber defined therein in which 
fuel injector components may be positioned. The fuel 
injector housing further includes a tip portion having 
a nozzle defined therein. The nozzle has a passageway 
extending therethrough which is in fluid communication 
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with the chamber. The nozzle is prepared by a process 
including the step of focusing a laser beam so that its 
focal point is located substantially on an outer 
surface of the tip portion for a first period of time 
5 sufficient to create the passageway whereby the nozzle 
is formed and a waste" product is deposited at a 
periphery of the passageway. The process further 
includes the step of creating a first prepassageway 
which extends though the tip portion of the housing, 

10 the first prepassageway defining a first substantially 
cylindrically-shaped channel having a first diameter. 
The process still further includes the step of creating 
a second prepassageway which extends though the tip 
portion of the housing, the second prepassageway 

15 defining a second substantially cylindrically-shaped 
channel having a second diameter which is greater than 
the first diameter. The process yet further includes 
the step of refocusing the laser beam so that its focal 
point is located above the outer surface for a second 

20 period of time sufficient to disintegrate the waste 
product . 

Brief Description of the Drawings 

FIG. 1A is a cross sectional view of a fuel 
25 injector housing with a schematic view of a laser and 
optics which incorporates the features of the present 
invention therein; 

FIG. IB is an enlarged view of the optics of 

FIG. 1A; 

30 FIG. 2A is a cross section of the tip. portion 

of the fuel injector housing after approximately one 
tenth of a second of applying the laser of FIG. 1 using 
a first laser drilling process; 
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FIG. 2B is a view similar to FIG. 2A, but 
showing the tip portion after approximately three 
tenths of a second; 

-FIG. 2C is a view similar to FIG. 2A, but 
5 showing the tip portion after approximately five 
seconds; 

FIG. 2D is a view similar to FIG. 2A, but 
showing the tip portion after approximately ten to 
twenty seconds; 
10 FIG. 2E is a view similar to FIG. 2A, but 

showing the laser beam refocused above the outer 
surface of the tip portion for an additional one to two 
seconds; 

FIG. 3A is a cross section of the tip portion 
15 of the fuel injector housing after approximately one 
half to two seconds of applying the laser of FIG. 1 
using a second laser drilling process; 

FIG. 3B is a view similar to FIG. 3A, but 
showing the tip portion after approximately one to 
20 three seconds; 

FIG. 3C is a view similar to FIG. 3A, but 
showing the tip portion after approximately five 
seconds; 

FIG. 3D is a view similar to FIG. 3A, but 
25 showing the tip portion after approximately ten to 
twenty seconds; and 

FIG. 3E is a view similar to FIG. 3A, but 
showing the laser beam refocused above the outer 
surface of the tip portion for an additional one to two 
30 seconds. 

Best Mode for Carrying Out the Invention 

While the invention is susceptible to various 
modifications and alternative forms, two specific 
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embodiments thereof has been shown by way of example in 
the drawings and will herein be described in detail. 
It should be understood, however, that there is no 
intent to limit the invention to the particular forms 
5 disclosed, but on the contrary, the intention is to 
cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as 
defined by the appended claims. 

Referring now to FIG. 1A and IB, there is 

10 shown a laser 10 which is operable to advance a laser 
beam 17A in the general direction of arrow 20 along an 
axis 18. The laser 10 is a copper vapor laser, 
commercially available from Oxford Lasers Ltd. of 
Abingdon, UK as model no. LM250. The laser 17A beam 

15 advances from the laser 10 toward a set of trepanning 
optics 12. 

The trepanning optics 12, also commercially 
available from Laser Mechanisms of Farmington Hills, 
Michigan as wedge boring head delivery system, are 

20 operable to offset the laser beam 17A from the axis 18 
a distance in the general direction of arrow 24. In 
particular, the trepanning optics 12 include a first 
wedge 26 which receives the laser beam 17A projected 
from the laser 10 along the axis 18 and transmits the 

25 laser beam 17A as laser beam 17B in the general 
direction of arrow 24. The trepanning optics 24 
further include a second wedge 28. The second wedge 28 
receives the laser beam 17B and transmits the laser 
beam 17B as laser beam 17C along a line 22 in the 

30 general direction of arrow 20. Note that the line 22 

is spaced apart from the axis 18 a distance equal to an 
offset radius r in the general direction of arrow 24. 
It should be appreciated that upon leaving the second 
wedge 28, the laser beam 17C is traveling along the 
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line 22 which is substantially parallel to the axis 18, 
but is offset from the axis 18 a distance equal to the 
offset radius r in the general direction of arrow 24. 

The trepanning optics 12 are further operable 
to focus the laser beam 17C on a focal point 30. It 
should be appreciated that the laser beam 17A exiting 
the laser 10 is a coherent beam. What is meant herein 
by the term "coherent" is that each portion of the 
laser beam 17A is traveling in the same direction, the 
direction indicated by arrow 20. The coherency of the 
laser beam 17A is not affected by either the first 
wedge 26 or the second wedge 28. Thus, the laser beam 
17C which exits the second wedge 28 is also a coherent 
beam. In order to concentrate the energy of the laser 
15 beam 17C, a lens 16 receives the laser beam 17C and 
focuses the laser beam 17C as laser beam 17D on the 
focal point 30. The lens 16 is further operable to 
move the focal point 30 up or down in the general 
direction of arrows 20 and 21. 

The trepanning optics 12 are yet further 
operable to rotate the focused laser beam 17 D along a 
rotating path of movement. In particular, the 
trepanning optics 12 rotate about the axis 18 in the 
general direction of arrow 32. It should be 
25 appreciated that rotation of the trepanning optics 12 
about the axis 18, causes the focused laser beam 17 D to 
move along a circular path. This circular path is 
centered on the axis 18 and has a radius equal to the 
offset radius r. 

A fuel injector housing 34 is divided into a 
main body portion 36 and a tip portion 38 by a dotted 
line 40. The main body portion 36 has a chamber 42 
defined therein. The chamber 42 contains a number of 
fuel injector components (not shown). These components 



20 



30 
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include a fuel inlet that admits a fuel from a fuel 
supply into the chamber 42, a piston which pressurizes 
the fuel in the chamber 42, a check valve that 
selectively advances the pressurized fuel from the 
5 chamber 4 2 to the tip portion 38, and a solenoid which 
is operative to receive control signals from an engine 
control unit to position the injector valve. 

The laser 10 and trepanning optics 12 are 
used to form a passageway 46 in a fuel injector housing 
10 34, Each passageway 4 6 and the surrounding portion for 
the housing 34 forms a nozzle 44. It should be 
appreciated that the focal point 30 is located on or 
near an outer surface 31 of the tip portion 38. It 
should further be appreciated that energy of the 
15 focused beam 17D at the focal point 30 advantageously 
vaporizes the metal of the tip portion 38. 

The nozzle 4 4 is formed by advancing the 
laser beam 17D so as to create a passageway 4 6 through 
the tip portion 38 of the fuel injector housing 34. 
20 Note that FIG. 1 shows a cross section with a nozzle 44 
on a lower portion of the tip section 38, and a second 
nozzle 44 being formed in the tip portion 38 by 
focusing the laser beam 17D on the focal point 30. 
Each of the nozzles 44 are in fluid communication with 
25 the chamber 42 such that pressurized fuel from the 

chamber 42 can be advanced through the passageway 4 6 of 
each of the nozzles 44 into the combustion chamber of 
the diesel engine during operation thereof. 

Referring now to FIGS. 2A through 2E, there 
30 is shown a first laser drilling process. FIG. 2A shows 
the first one tenth of a second of the first drilling 
process. The laser 10 and the trepanning optics 12 
advance the focused laser beam 17D on the focal point 
30 located on or near the outer surface 31 of the tip . 
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portion 38. The tip portion 38 is approximately 0.8 to 
- * 1.3 millimeters thick where the nozzle 44 is to be 
formed. As the laser beam 17D is focused on the tip 
portion 38 , a passageway 4 6 is formed as metal in the 
5 tip portion 38 is vaporized. 

It should be appreciated that the laser beam 
17D is being rotated around the axis 18 by the 
trepanning optics 12 in the general direction of arrow 
32 so as to follow the rotating path of motion. As the 

10 laser beam 17D follows the rotating path of motion, a 
circular passageway is formed. The passageway 46 is 
the portion of the circular passageway that is formed 
when the laser beam 17D is positioned as shown in FIG. 
2A whereas the passageway 46' is formed when the laser 

15 beam 17D is rotated 180 degrees about the axis 18 from 
the position shown in FIG. 2A. The passageway 4 6 and 
46 1 form a circular channel around a core section 48. 

The trepanning optics 12 are used because the 
width of the passageway 4 6 is approximately twenty 

20 microns whereas the desired final width of the final 
passageway is approximately one hundred and fifty 
microns. Thus, in order to form the nozzle 44 with a 
final passageway having a width of one hundred and 
fifty microns, the laser beam 17D must be moved along a 

25 circular path. It should be appreciated that the final 
width of the passageway through the nozzle 44 and the 
offset radius r are related in the following manner: 

W = 2r + w p 

where W is the width of the final passageway, r is the 
30 offset radius of the laser beam 17C from the axis 18, 

and vvp is the width of the passageway 4 6 that is formed 
by the focused laser beam 17D in the tip portion 38. 
Thus, to produce a nozzle 44 having a final passageway 
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having a width W of one hundred and fifty microns with 
a laser beam 17D that produced a passageway 4 6 with a 
width w p of twenty microns, the offset radius r must be 
set at sixty-five microns. 

5 As the laser beam 17D advances into the tip 

portion 38, the metal in the passageway 4 6 is 
disintegrated. Some of the disintegrated material is 
vaporized and is carried away from the nozzle 44. 
Another portion of the disintegrated material is melted 

10 and forced upward in the general direction of arrow 21. 
This material is then deposited as a waste product 50 
on the outer surface 31 of the tip portion 38 or as a 
waste product 47 deposited on the outer surface of the 
core 48. 

15 Referring now to FIG. 2B, there is shown the 

first laser drilling process after three tenths of a 
second. The passageway 4 6 has advanced approximately 
ninety percent of the distance through the tip portion 
38. It should be noted that as the depth of the 

20 passageway 46 increases in the general direction of 

arrow 20, the amount of the waste product 50 deposited 
on the outer surface 31 of the tip portion 38 
increases. Similarly, the amount of the waste product 
47 deposited on the outer surface of the core 4 8 

25 increases. 

Referring now to FIG. 2C, there is shown the 
first laser drilling process after approximately five 
seconds. The passageways 46 and 46' have penetrated an 
interior surface 52 of the tip portion 38 such that the 
30 laser beam 17C is advanced through the tip portion 38. 
It should be appreciated that once the passageway 4 6 
and 46' pass through the tip portion 38, the core 48 is 
no longer supported by the tip portion 38. Thus, the 
core 48 drops away from the tip portion 38 in the 
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direction of arrow 20 or is vaporized by the laser beam 
17D. 

Without the core 48 positioned in the . 
passageway 46, as the laser beam 17D removes material, 
5 a portion of the waste product is advanced in the 
general direction of arrow 20. This portion of the 
waste product is not deposited on the outer surface 31 
of the tip portion 38 as the waste product 50. 

The nozzle 44 is formed as the passageway 46 
10 has penetrated the tip portion 38. However, the shape 
of the passageway 46 is conical. What is meant herein 
by the term "conical" is that the diameter of the 
passageway 46 is larger at the outer. surface 31 than 
the diameter of the passageway 46 at the interior 
15 surface 52. In order to advance the correct amount of 
fuel from the chamber 42 through the nozzle 44, it is 
desirable that the passageway 4 6 of the nozzle 44 has a 
cylindrical shape, i.e. the diameter of the passageway 
4 6 at the outer surface 31 has the same diameter as the 
20 passageway 4 6 at the interior surface 52. While the 
passageway 4 6 is herein described as being cylindrical 
in shape and has significant advantages thereby in the 
present invention, it should be appreciated that 
numerous other configurations of the passageway 4 6 are 
25 also contemplated. For example, the passageway 46 may 
be a tapered cylinder or non-cylindrical shape such as 
a square-shaped passage. 

In order to produce a passageway 46 with a 
cylindrical shape, the laser beam 17D must be focused 
30 on the focal point 30 for an additional period of time. 
However, since the laser beam 17D has penetrated the 
tip portion 38, any additional advancement of laser 
beam 17A from the laser 10 will cause the laser beam 
17D to pass through the tip portion 38 and impinge an 
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untargeted interior surface 54 (shown in FIG. 1) on the 
opposite side of the tip portion 38. If the laser beam 
17D impinges on the untargeted interior surface 54, 
material on the untargeted interior surface 54 could 
5 either be removed or otherwise affected by the laser 
beam 17D. If material is removed at the untargeted 
interior surface 54, the flow of fuel in the tip 
portion 38 could be altered. Any alteration of flow of 
fuel in the tip portion 38 could alter the flow of fuel 
10 from the from the chamber 42, through the nozzle 44, 
and into the combustion chamber. Additionally, the 
application of the laser beam 17D to the untargeted 
interior surface 54 may cause a heat affected zone in 
the tip portion 38 around the untargeted interior 
15 surface 54. A heat affected zone can limit the 
strength and life of the tip portion 38. 

To prevent the laser beam 17D from passing 
through the tip portion 38 and impinging on the 
untargeted interior surface 54, a backing material 56 
20 is interposed between the interior surface 52 and the 
untargeted interior surface 54. The backing material 
56 is suitably a 0.5mm thick block of one of the 
following group of materials: tungsten, tungsten 
carbide, ceramics, or other high temperature material. 
25 These backing materials have the ability to absorb a 
large amount of laser energy from the laser beam 17D 
without disintegrating. Moreover, tungsten is 
relatively inexpensive when compared to other materials 
with similar laser resistant properties. 
30 An additional feature of the backing material 

56 is that the backing material 56 is separated from 
the interior surface 52 of the tip portion 38 by an air 
gap 58 of approximately 0.5mm. The air gap 58 prevents 
heat from being conducted from the tip portion 38 to 
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the backing material 56. The air gap 58 also allows 
the laser beam 17D to diverge, or increase in 
diameter, thereby reducing the power density of the 
beam that strikes the backing material 56. In 
5 addition, the gap 58 allows convective air currents to 
cool the backing material 56 and dissipate some of the 
heat generated as the laser beam 17D strikes the 
backing material 56. 

Referring now to FIG. 2D, there is shown the 

10 first laser drilling process after approximately ten to 
twenty seconds. The passageway 46 is now cylindrically 
shaped with the diameter of the passageway 4 6 at the 
outer surface 31 being substantially identical to the 
diameter of the passageway 46 at the lower surface 52. 

15 The shape of the passageway 4 6 is a function 

of the distance between the lens 16 and the focal point 
30 located on the outer surface 31 of the tip portion 
38. The shape of the passageway 46 is related to the f 
number F/#. The f number F/# is calculated using the 

20 following equation: 

da 

where If is the focal length of the lens 16 
and dfi is the beam diameter entering the lens 16. The 
focal length If is the distance between the lens 16 and 

25 the focal point 30. The beam diameter d$ is the 

diameter of the laser beam 17C that enters the lens 16. 
For this laser drilling process, it was found that a f 
number F/# between five and ten forms the nozzles 44 
with a passageway 46 having a cylindrical shape. A f 

30 number F/# of seven forms the passageway 4 6 having the 
best cylindrical shape. A f number F/#of less than 5 
produces a tapered cylinder with a smaller diameter on 
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the outer surface 31 than on the lower surface 52. 
Conversely, a f number F/#of greater than 10 produces a 
tapered cylinder with a larger diameter on the outer 
surface 31 than on the lower surface 52. 
5 Referring now to FIG. 2E, there is shown the 

first laser drilling process during the final one to 
two seconds. Because the waste product 50 on the outer 
surface 31 may impede or otherwise degrade the flow of 
fuel through the nozzle 44 , it is desirable to remove 
10 the waste product 50 from the outer surface 31 of the 
tip portion 38. The laser beam 17D is refocused such 
that the focal point 30 is moved approximately two to 
five millimeters in the general direction of arrow 21 
by adjusting the lens 16. Thus, an unfocused laser 
15 beam 17E strikes the outer surface 31 of the tip 
portion 38. It should be appreciated that the 
unfocused laser beam 17E is spread over a larger area 
then the laser beam 17D thus decreasing the intensity 
of the laser beam 17E. This unfocused laser beam 17E 
20 is applied to the outer surface 31 of the tip portion 
38 for approximately one to two seconds. It should 
further be appreciated that the rotation of the 
trepanning optics 12 around the axis 18 in the general 
direction of arrow 32 causes the unfocused laser beam 
25 17E to rotate around the entire periphery of the 

passageway 4 6 on the outer surface 31 so as to remove 
the waste product 50. 

The advancement of this unfocused laser beam 
17E is advantageously configured in both power and 
30 duration so as to disintegrate the waste product 50 
which accumulated on the outer surface 31 during 
formation of the nozzle 44. The advancement of the 
unfocused laser beam 17E is further advantageously 
configured in power and duration so as not to effect 
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the outer surface 31 of the tip portion 38 when the 
waste product 50 is being disintegrated. Furthermore, 
as the laser beam 17E passes through the tip portion 
38, the blocking material 56 prevents the laser beam 
5 17E from impinging on the untargeted interior surface 
54. Because the focal point 30 has been moved away 
from the outer surface 31 of the tip portion 38, the 
intensity of the laser beam 17E is less than the 
intensity of the laser beam 17D used to form the nozzle 
10 44. Therefore, the laser beam 17E advances less laser 
energy to the backing material 56 than the laser beam 
17D. 

It should be appreciated that the first laser 
drilling process includes operating the laser 10 in two 

15 distinct modes of operation. In the first mode of 
operation shown in FIGS. 2A through 2D, the laser 10 
advances the laser beam 17A for a first period of time, 
approximately ten to twenty seconds, to form the 
passageway 4 6 of the nozzle 44 by focusing the laser 

20 beam 17D at the outer surface 31 of the tip portion 38. 
In the second mode of operation, the laser 10 advances 
the laser beam 17A for a second period of time, 
approximately one to two seconds, to remove the waste 
product 50 on the outer surface 31. The waste product 

25 50 is removed with the unfocused laser beam 17E created 
by refocusing the laser beam 17D a distance above the 
outer surface 31 of the tip portion 38. 

Referring now to FIGS. 3A through 3E, there 
is shown a second laser drilling process. The second 

30 process is somewhat similar to the first process shown 
in FIG. 2A through 2E. The laser 10, the trepanning 
optics 12, and the injector housing 34 are 
substantially identical those used in the first 
process. Thus, the same reference numerals are used in 
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FIGS. 3A through 3E to designate common elements which 
were previously discussed in regard to FIGS. 1 through 
2E. 

FIG. 3A shows, the first one half to two 
5 seconds of the second drilling process whereby the 
laser beam 17D is focused on the focal point 30 to 
create a first prepassageway 60. In particular, the 
first prepassageway 60 can either be formed using a 
percussion drilling method (shown in FIG. 3A) or the 

10 trepanning drilling method. If the percussion drilling 
method is used, the offset radius r is set to 0.0 mm 
such that the laser beam 17D is colinear with the axis 
18. Thus, the laser beam 17D is focused on a single 
point and is not moved in a rotating path of movement. 

15 A rapid succession of pulses of the laser beam 17D 

creates a very narrow first prepassageway 60 as shown 
in FIG. 3A. The first prepassageway 60 is a 
substantially cylindrical passageway that connects the 
outer surface 31 to the interior surface 52. 

20 Alternately, the first prepassageway 60 can 

be formed by setting ^the offset radius r to a distance 
substantially smaller than the offset radius r required 
to form the nozzle 44. As the focused laser beam 17D 
is moved in the rotating path of motion, the first 

25 prepassageway 60 is formed without creating a 

significant amount of waste product 50 on the outer 
surface 31 of the tip portion 38. 

Referring now to FIG. 3B, there is shown the 
second laser drilling process after approximately one 

30 to three seconds of. advancing the laser beam 17D. The 
trepanning optics 12 have been adjusted so that a 
second prepassageway 62 is created by setting the 
offset radius r to the distance required to form the 
nozzle 44. The second prepassageway 62 is equivalent 
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to the first passageway 46 of the first laser drilling 
process. The second laser drilling process forms the 
nozzle 44 by creating two prepassageways, the first 
prepassageway 60 and the second prepassageway 62. 
5 However, three or more prepassageways could be drilled 
to form the nozzle 44, each prepassageway being larger 
than the previous prepassageway. 

Note, that because the first prepassageway 60 
is formed, a lesser amount of the waste product 50 is 

10 deposited on the outer surface 31 of the tip portion 38 
than was deposited with the first drilling process. 
There are two reasons that a lesser amount of the waste 
product 50 is deposited on the outer surface 31 with 
the second process than is deposited with the first 

15 drilling process. First, a portion of the waste 

product created by forming the second prepassageway 62 
can. advance through the first prepassageway 60 in the 
general direction of arrow 20. This portion of the 
waste product is not deposited on the outer surface 31 

20 of the tip portion 38 as the waste product 50. In 
addition, because an amount of material of the tip 
portion 38 was removed by forming the first 
prepassageway 60, less material is converted into the 
waste product during the formation of the second 

25 prepassageway 62. 

Similar to the first laser drilling process, 
the tip portion 38 is penetrated by forming the first 
prepassageway 60 after approximately one half to two 
seconds. Any additional advancement of the laser beam 

30 17D will pass through the tip portion 38 and impinge on 
the untargeted interior surface 54 (shown in FIG. 1) on 
the opposite side of the tip portion 38. In a manner 
similar to the first laser drilling method, the backing 
material 56 is interposed between the interior surface 
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52 and the untargeted interior surface 54. The backing 
material 56 is separated from the interior surface 52 
of the tip portion 38 by an air gap 58 of approximately 
0.5mm. The air gap 58 prevents heat from being 
5 conducted from the tip portion 38 to the backing 

material 56. In addition, the gap 58 allows convective 
air currents to cool the backing material 56 and 
dissipate some of the heat that is generated as the 
laser beam 17C strikes the backing material 56. 

10 Referring now to FIG. 3C, there is shown the 

second laser drilling process after approximately five 
seconds. The second prepassageway 62 is nearing the 
point where the second prepassageway 62 will penetrate 
the interior surface 52 of the tip portion 38. It 

15 should be appreciated that a substantially lesser 
amount of waste product 50 is deposited on outer 
surface 31 using the second laser drilling process 
(shown in FIG. 3C) than was deposited on the outer 
surface 31 by using the first drilling process after 

20 approximately five seconds (shown in FIG. 2C) . 

As the second prepassageway 62 first forms 
the nozzle 44, the second prepassageway 62 is conical. 
In order to produce a nozzle 44 with a cylindrical 
second prepassageway 46, the laser beam 17D must be 

25 focused on the focal point 30 for an additional period 
of time. 

Referring now to FIG. 3D, there is shown the 
second laser drilling process after approximately ten 
to twenty seconds. The second prepassageway is now 
30 cylindrically shaped with the diameter of the second 
prepassageway 62 at the outer surface 31 being 
substantially identical to the diameter of the second 
prepassageway 62 at the interior surface 52. The shape 
of the second prepassageway 62 is a function of the f 
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number F/#of the laser beam 17D. The lens 16 must be 
selected to produce a f number F/# of approximately 
seven in order cause the laser beam 17D to form the 
second prepassageway 62 with the best cylindrical 
5 shape . 

Referring now to FIG. 3E, there is shown the 
second laser drilling process during the final one to 
two seconds. The laser beam 17D is refocused such that 
the focal point 30 is moved approximately two to five 

10 millimeters in the general direction of arrow 21. 

Thus, the laser beam 17E that strikes the outer surface 
31 of the tip portion 38 is not focused. In a manner 
similar to the first laser drilling process, the 
advancement of this unfocused laser beam 17E is 

15 advantageously configured in power and duration so as 
to disintegrate the waste product 50, which has 
accumulated on the outer surface 31 of the tip portion 
38 around the periphery of the nozzle 44 during the 
second laser drilling process. The advancement of this 

20 unfocused laser beam 17E is further advantageously 
configured in power and duration so as not to effect 
the outer surface 31 of the tip portion 38 when the 
waste product 50 is being disintegrated. Due to the 
formation of a lesser amount of the waste product 50 on 

25 the outer surface 31, the laser beam 17E may be 

advanced to disintegrate the waste product 50 for a 
lesser amount of time than the time required to 
disintegrate the waste product 50 during the first 
laser drilling process (shown in FIG. 2E) . 

30 It should be appreciated that the second 

laser drilling process includes operating the laser 10 
in three distinct modes of operation. In the first 
mode of operation shown in FIG. 3A, the laser 10 
advances the laser beam 17A for a first period of time, 
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approximately one half to two seconds, to form the 
first prepassageway 60. In the second mode of operation 
shown in FIGS. 3B through 3D, the laser 10 advances the 
laser beam 17A for a second period of time, 
5 approximately ten to twenty seconds, to form the second 
prepassageway 62 with the focused laser beam 17D. In 
the third mode of operation, the laser 10 advances the 
laser beam 17A for a third period of time, 
approximately one to two seconds, to remove the waste 
10 product 50 deposited on the outer surface 31. The 
waste product 50 is removed with the unfocused laser 
beam 17E created by refocusing the laser beam 17D a 
distance above the outer surface 31 of the tip portion 
38. 

15 It should be appreciated that both the first 

laser drilling process and the second laser drilling 
process are similar, but each has its respective 
advantages and disadvantages. The first laser drilling 
process has the advantage of not requiring that the 

20 offset radius r be adjusted during formation of the 

nozzle 44. However, the first drilling process has the 
disadvantage depositing more of the waste product 50 on 
the outer surface 31 of the tip portion 38 during the 
formation of the passageway 46, The second laser 

25 drilling process has the advantage of reducing the 
amount of the waste product 50 deposited during 
formation of the nozzle 44 . However, the second laser 
drilling process has the disadvantage of requiring that 
the offset radius be adjusted at least once during the 

30 formation of the nozzle 44. 



Industrial Applicability 

In operation, a fuel injector housing 34 is 
positioned proximate to the laser 10 to form the first 
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of a number of nozzles 44 in the tip portion 38 of the 
fuel injector housing 34. The laser 10 is aligned with 
the axis 18 in order to advance the laser beam 17A 
toward the trepanning optics 12. 
5 The lens 16 is chosen such that the f number 

F/# of the beam 17D is equal to about seven. Also, the 
beam 17D is focused on the focal point 30 on or near 
the outer surface 31. Therefore, the distance between 
the focusing lens 16 and the focal point 30 is about 

10 seven times the diameter of the laser beam 17C entering 
the lens 16. 

Using the first laser drilling process, the 
offset radius r between the axis 18 and the laser beam 
17D is set to an offset radius r that will rotate the 

15 laser beam 17D along a circular path that will form a 
passage 46 with the desired final diameter. 

During the first drilling process, the laser 
10 advances a laser beam 17A in the general direction 
of arrow 20 through the trepanning optics 12. The 

20 trepanning optics 12 redirects the laser beam 17C 

through the lens 16 and toward the focal point 30 as 
laser beam 17D. The trepanning optics 12 further 
rotate the laser beam 17D about the axis 18 in the 
general direction of arrow 32. The laser beam 17A is 

25 advanced for approximately ten to twenty seconds to 
form a cylindrical passageway 46 through the tip 
portion 38. 

During the first laser drilling process, the 
backing material 56 acts to prevent the laser beam 17D 
30 from passing through the tip portion 38 and impinging 
on the untargeted interior surface 54. The air gap 58 
prevents heat transfer from the tip portion 38 to the 
backing material 56. The air gap 58 also allows the 
laser beam 17D to diverge, or increase in diameter, 
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thereby reducing the power density of the beam that 
strikes the backing material 56. Additionally, the air 
gap 58 helps to dissipate some of the heat generated 
when the laser beam 17D strikes the backing material 
5 56. 

As material in the tip portion 38 is 
disintegrated to form the nozzle 44, the waste product 
50 is deposited on the outer surface 31 of the tip 
portion 38. To remove the waste product 50, the focal 

10 point 30 of the laser beam is moved to a point two to 
five millimeters above the outer surface 31 of the tip 
portion 38, in order to defocus the laser beam 17E 
before it is advanced to the outer surface 31 of the 
tip portion 38. The laser beam 17E is then applied to 

15 the tip portion 38 for an additional one to two seconds 
so as to disintegrate the waste product 50 from the 
outer surface 31 of the tip portion 38 without damaging 
the outer surface 31. 

In order to form a subsequent passageway 4 6 

20 in the tip portion 38, the fuel injector housing 34 
must be repositioned such that each of the locations 
for a passageway 46 is aligned with the focal point 30 
of the lens 16. In addition, the backing material 56 
should be replaced if formation of a previous 

25 passageway 4 6 has damaged the backing material 56 to 
the extent that the backing material 56 is unable to 
block the laser beam 17D and protect the untargeted 
interior surface 54 . 

Alternately, using the second laser drilling 

30 process, the offset distance r between the axis 18 and 
the laser beam 17C is set to zero or a distance much 
less than the desired radius of the nozzle 44. The 
laser 10 is activated for approximately one half to two 
seconds to form the first prepassageway 60 through the 
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tip portion 38. Thereafter, the offset radius r is set 
to a value larger than the diameter of the first 
prepassageway 60 to form a second prepassageway 62. 

Forming the first prepassageway 60 has the 
5 advantage of allowing a portion of the waste product to 
be advanced through the first prepassageway 60 rather 
than being deposited on the outer surface 31 as the 
waste product 50. In a manner similar to the first 
laser drilling process, the focal point 30 of the laser 
10 beam 17D is moved to a point two to five millimeters 
above the outer surface 31 of the tip portion 38 in 
order to create an unfocused laser beam 17E which is 
advanced to the outer surface 31 of the tip portion 38. 
The unfocused laser beam 17E is then applied to the tip 
15 portion 38 for an additional one to two seconds so as 
to disintegrate the waste product 50 on the outer 
surface 31 of the tip portion 38 without damaging the 
outer surface 31 of the tip portion 38. 

In order to form a subsequent first 
20 prepassageway 60 and second prepassageway 62 in the tip 
portion 38, the fuel injector housing 34 must be 
repositioned such that each of the locations for the 
first prepassageway 60 and the second prepassageway 62 
is aligned with the focal point 30 of the lens 16. In 
25 addition, the backing material 56 should be replaced if 
formation of a previous first prepassageway 60 and 
second prepassageway 62 damaged the backing material 56 
to the extent that the backing material 56 is unable to 
block the laser beam 17D and protect the untargeted 
30 interior surface 54. 

While the invention has been illustrated and 
described in detail in the drawings and foregoing 
description, such illustration and description is to be 
considered as exemplary and not restrictive in 
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character, it being understood that only the preferred 
embodiments have been shown and described and that all 
changes and modifications that come within the spirit 
of the invention are desired to be protected. 
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Claims 

1. A fuel injector housing (34), comprising: 
a main body portion (36) having a chamber 

5 (42) defined therein in which fuel injector components 
may be positioned; 

a tip portion (38) having a nozzle (44) 
defined therein, wherein (i) said nozzle (44) has a 
passageway (46) extending therethrough which is in 

10 fluid communication with said chamber (42), and (ii) 

said nozzle (44) is prepared by a process including the 
steps of (a) focusing a laser beam (17D) so that its 
focal point (30) is located substantially on an outer 
surface (31) of said tip portion (38) for a first 

15 period of time sufficient to create said passageway 
(46) whereby said nozzle (44) is formed and a waste 
product (50) is deposited at a periphery of said 
passageway (46), (b) refocusing said laser beam (17D) 
so that its focal point (30) is located above said 

20 outer surface (31) for a second period of time 

sufficient to disintegrate said waste product (50) . 

2. The fuel injector housing (34) of claim 
1, wherein: 

25 said focusing step includes the step of 

moving said laser beam (17D) in a rotating path of 
movement so as to create said passageway (46) in said 
tip portion (38) . 

30 3. The fuel injector housing (34) of claim 

1, wherein: 

said refocusing step includes the step of 
moving said laser beam (17D) in a rotating path of 
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movement so as to disintegrate said waste product (50) 
around the entire periphery of said passageway (46). 

4. The fuel injector housing (34) of claim 
5 1, wherein said focusing step includes the steps of: 

creating a first prepassageway (60) which 
extends though said tip portion (38) of said housing 
(34), said first prepassageway (60) defining a first 
substantially cylindrically-shaped channel having a 

10 first diameter; and 

creating a second prepassageway (62) which 
extends though said tip portion (38) of said housing 
(34), said second prepassageway (62) defining a second 
substantially cylindrically-shaped channel having a 

15 second diameter which is greater than said first 
diameter. 

5. The fuel injector housing (34) of claim 
1, wherein: 

20 said first prepassageway (60) creating step 

includes the step of moving said laser beam (17D) in a 
rotating path of movement so as to create said first 
prepassageway (60) in said tip portion (38), and 

said second prepassageway (62) creating step 

25 includes the step of moving said laser beam (17D) in a 
rotating path of movement so as to create said second 
prepassageway (62) in said tip portion (38) . 

6. The fuel injector housing (34) of claim 
30 1, wherein said focusing step includes the steps of: 

locating a backing material (56) adjacent an 
interior surface (52) of said tip portion, 

advancing said laser beam (17D) against said 
tip portion (38) so as to cause said laser beam (17D) 
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to penetrate through said tip portion (38) and strike 
said backing material (56) whereby impingement of said 
laser beam (17D) against an untargeted interior surface 
(54) of said fuel injector housing (34) is prevented. 

5 

7. The fuel injector housing (34) of claim 
6, wherein said backing material (56) is selected from 
the group consisting essentially of (i) tungsten, (ii) 
tungsten carbide, and (iii) ceramics. 

10 

8. The fuel injector housing (34) of claim 
6, wherein said laser beam advancing step includes the 
step of: 

maintaining a gap (58) between said backing 
15 material (56) and said interior surface (52) of said 
tip portion (38) during advancement of said laser beam 
(17D) against said tip portion (38) . 

9. A fuel injector housing (34) , comprising: 
20 a main body portion (36) having a chamber 

(42) defined therein in which fuel injector components 
may be positioned; 

a tip portion (38) having a nozzle (44) 
defined therein, wherein (i) said nozzle (44) has a 

25 passageway (4 6) extending therethrough which is in 
fluid communication with said chamber (42), and (ii) 
said nozzle (44) is prepared by a process including the 
steps of (a) focusing a laser beam (17D) so that its 
focal point (30) is located substantially on an outer 

30 surface (31) of said tip portion (38) for a first 
period of time sufficient to create said passageway 
(46) whereby said nozzle (44) is formed and a waste 
product (50) is deposited at a periphery of said 
passageway, (b) moving said laser beam (17D) in a 
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rotating path of movement so as to create said 
passageway (46) in said tip portion (38), (c) 
refocusing said laser beam (17D) so that its focal 
point (30) is located above said outer surface (31) for 
5 a second period of time sufficient to disintegrate said 
waste product (50), and (d) moving said laser beam 
(17D) in a rotating path of movement so as to 
disintegrate said waste product (50) around the entire 
periphery of said passageway (46) . 

10 

10. The fuel injector housing (34) of claim 
9, wherein said focusing step includes the steps of: 

creating a first prepassageway (60) which 
extends though said tip portion (38) of said housing 
15 (34), said first prepassageway (60) defining a first 
substantially cylindrically-shaped channel having a 
first diameter; and 

creating a second prepassageway (62) which 
extends though said tip portion (38) of said housing 
20 (34), said second prepassageway (62) defining a second 
substantially cylindrically-shaped channel having a 
second diameter which is greater than said first 
diameter „ 

25 11. The fuel injector housing (34) of claim 

9, wherein: 

said first prepassageway (60) creating step 
includes the step of moving said laser beam (17D) in a 
rotating path of movement so as to create said first 
30 prepassageway (60) in said tip portion (38), and 

said second prepassageway (62) creating step 
includes the step of moving said laser beam (17D) in a 
rotating path of movement so as to create said second 
prepassageway (62) in said tip portion (38) . 
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12. The fuel Injector housing (34) of claim 
9, wherein said focusing step includes the steps of: 

locating a backing material (56) adjacent an 
5 interior surface (52) of said tip portion (38), 

advancing said laser beam (17D) against said 
tip portion (38) so as to cause said laser beam (17D) 
to penetrate through said tip portion (38) and strike 
said backing material (56) whereby impingement of said 
10 laser beam (17D) against an untargeted interior surface 
(54) of said fuel injector housing (34) is prevented. 

13. The fuel injector housing (34) of claim 
12, wherein said backing material (56) is selected from 

15 the group consisting essentially of (i) tungsten, (ii) 
tungsten carbide, and (iii) ceramics. 

14. The fuel injector housing (34) of claim 
12, wherein said laser beam advancing step includes the 

20 step of: 

maintaining a gap (58) between said backing 
material (56) and said interior surface (52) of said 
tip portion (38) during advancement of said laser beam 
(17D) against said tip portion (38) . 

25 

15. A fuel injector housing (34), 
comprising: 

a main body portion (36) having a chamber 
(42) defined therein in which fuel injector components 
30 may be positioned; 

a tip portion (38) having a nozzle (44) 
defined therein, wherein (i) said nozzle (44) has a 
passageway (4 6) extending therethrough which is in 
fluid communication with said chamber (42), and (ii) 
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said nozzle (44) is prepared by a process including the 
steps of (a) focusing a laser beam (17D) so that its 
focal point (30) is located substantially on an outer 
surface (31) of said tip portion (38) for a first 
5 period of time sufficient to create said passageway 
(46) whereby said- nozzle (44) is formed and a waste 
product (50) is deposited at a periphery of said 
passageway (46), (b) creating a first prepassageway 
(60) which extends though said tip portion (38) of said 

10 housing (34), said first prepassageway (60) defining a 
first substantially cylindrically-shaped channel having 
a first diameter, (c) creating a second prepassageway 
(62) which extends though said tip portion (38) of said 
housing (34), said second prepassageway (62) defining a 

15 second substantially cylindrically-shaped channel 
having a second diameter which is greater than said 
first diameter, and (d) refocusing said laser beam 
(17D) so that its focal point (30) is located above 
said outer surface (31) for a second period of time 

20 sufficient to disintegrate said waste product (50) . 

16, The fuel injector housing (34) of claim 
15, wherein: 

said focusing step includes the step of 
25 moving said laser beam (17D) in a rotating path of 

movement so as to create said passageway (4 6) in said 
tip portion (38), and 

said refocusing step includes the step of 
moving said laser beam (17D) in a rotating path of 
30 movement so as to disintegrate said waste product (50) 
around the entire periphery of said passageway (46) . 
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17. The fuel injector housing (34) of claim 
16, wherein: 

said first prepassageway (60) creating step 
includes the step of moving said laser beam (17D) in a 
5 rotating path of movement so as to create said first 
prepassageway (60) in said tip portion (38), and 

said second prepassageway (62) creating step 
includes the step of moving said laser beam (17D) in a 
rotating path of movement so as to create said second 
10 prepassageway (62) in said tip portion (38). 

18. The fuel injector housing (34) of claim 
16, wherein said focusing step includes the steps of: 

locating a backing material (56) adjacent an 
15 interior surface (52) of said tip portion (38), 

advancing said laser beam (17D) against said 
tip portion (38) so as to cause said laser beam (i7D) 
to penetrate through said tip portion (38) and strike 
said backing material (56) whereby impingement of said 
20 laser beam (17D) against an untargeted interior 

surfaces (54) of said fuel injector housing (34) is 
prevented. 

19. The fuel injector housing (34) of claim 
25 18, wherein said backing material (56) is selected from 

the group consisting essentially of (i) tungsten, (ii) 
tungsten carbide, and (iii) ceramics. 

20. The fuel injector housing (34) of claim 
30 18, wherein said laser beam advancing step includes the 

step of: 

maintaining a gap (58) between said 
backing material (56) and said interior surface (52) of 
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said tip portion (38) during advancement of said laser 
beam (17D) against said tip portion (38) . 



WO 00/09884 



PCT/US99/16313 



1/5 



LASER 




Fig. 1A 



WO 00/09884 



PCT7US99/16313 




WO 00/09884 



PCT7US99/16313 




WO 00/09884 



PCT/US99/16313 




INTERNATIONAL SEARCH REPORT 



Inttt anal Application No 

PCT/US 99/16313 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 F02H61/16 B23K26/00 



According to International Patent Classif Ication (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F02M B23K 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to dalm No. 



p,x 

P,Y 
P.A 



GB 2 328 894 A (OXFORD LASERS LTD) 
10 March 1999 (1999-03-10) 
page 1, paragraph 2 -page 7, paragraph 4 
figures 2,3 



US 5 093 548 A (SCHMIDT-HEBBEL ROBERT) 
3 March 1992 (1992-03-03) 
column 1, line 7 -column 2, line 14 
figure 2 



EP 0 299 143 A (RAYCON TEXTRON INC) 
18 January 1989 (1989-01-18) 

column 2, line 23 -column 3, line 26 
figures 1,3,4 

V- 



1,2,6,9, 

12,15 

4,5 

10,11, 

16-18 

1,4,9,15 

4,5 

10,11, 
15-18 

1-6, 

9-12, 

15-18 



| xj Further documente are Ueted in the continuation of box C. 



ID 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the International 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 



published prior to the International filing date but 
later than the priority date claimed 



"X" document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

V document of particular relevance; the claimed invention 
cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 



document member of the 



patent family 



Date of the actual completion of the International search 



1 November 1999 



Date of mailing of the International search report 

08/11/1999 



Name and mail ing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRgswfjk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Ingegneri , M 



Forni PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 





INTERNATIONAL SEARCH REPORT 


Intel >nal Application No 

PCT/US 99/16313 


^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category • 


Citation ot documant, with hoTcation,where appropnate, ol the relevant pa8aagea f 


teievant to claim No. 


X 
A 


GB 2 318 538 A (HICKS DAVID RAYMOND 
;QUIGLEY MICHAEL BERNARD COUPLA (GB)) 
29 April 1998 (1998-04-29) 
the whole document 
figures 1,2 




1,9,15 
6,12,18 


A 


FR 2 755 386 A (MATSUSHITA ELECTRIC IND CO 
LTD) 7 May 1998 (1998-05-07) 

page 3, line 9 - line 23 
figure 1 




1-6, 

9-12, 

15-18 



Form PCT71SA/Z1 0 {continuation ot second sheet) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



information on patent lamily member* 


Inter mat Application No 

PCT/US 99/16313 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



GB 2328894 


A 


10-03- 


-1999 


WO 


9911419 A 


11-03-1999 


US 5093548 


A 


03-03- 


-1992 


DE 


3934587 A 


18-04-1991 










GB 


2236973 A,B 


24-04-1991 










JP 


3133588 A 


06-06-1991 


EP 0299143 


A 


18-01- 


-1989 


CA 


1310073 A 


10-11-1992 










JP 


2623296 B 


25-06-1997 










JP 


63312027 A 


20-12-1988 










US 


4857696 A 


15-08-1989 



GB 2318538 A 29-04-1998 NONE 



FR 2755386 A 07-05-1998 JP 10098251 A 14-04-1998 

US 5814165 A 29-09-1998 



Fom PCT/1SA/210 (patent tantSy trewx) (July 1992) 



